Y1 and Y2 receptor selective neuropeptide Y analogues: evidence for a Y1 receptor subclass.
Neuropeptide Y (NPY), a 36-residue polypeptide produced abundantly in both nervous and peripheral tissues, appears to play a significant role in the regulation of diverse biological processes, including feeding behavior and cardiovascular and psychotropic functions. The actions of NPY are mediated through effective binding to specific receptors of which two, designated Y1 and Y2, have been well characterized. A shortened cyclic analogue of NPY, des-AA10-17-cyclo-7/21[Cys7,21]NPY, was shown to retain high affinity for both human neuroblastoma SK-N-MC and SK-N-BE2 cell types (expressing Y1 and Y2 receptors, respectively). Increasing the size of the ring (des-AA10-17-cyclo-2/27[Cys2,27]NPY) in the present study produced a high-affinity analogue (Ki = 3.0 vs 0.3 nM for NPY) that bound exclusively to Y2 receptors. Using the feedback from structure-activity relationships, we also describe the optimization of specific substitutions and bridging arrangements leading to the production of other truncated, high-affinity Y1 selective analogues which bind, as does NPY itself, in the low-nanomolar range. Of greatest significance, des-AA10-17-cyclo-7/21[Cys7,21,Pro34]NPY (11) was found to possess agonistic properties with an affinity comparable to that of the native NPY molecule when tested for its ability to inhibit norepinephrine-stimulated cAMP release in SK-N-MC human neuroblastoma cells. Compound 11 also caused an increase in blood pressure in anesthetized rats. However, in two central nervous system models of Y1 receptor function, stimulation of feeding and anxiolytic activity, this analogue was inactive, which suggests the presence of a new subclass of receptors. In summary, the present results demonstrate that residues 10-17 of NPY are not directly involved in either Y1 or Y2 receptor recognition or activation. This suggests that the selectivity of NPY receptors is highly dependent on subtle conformational changes such as the substitution of residue 34 to a proline or the introduction of intramolecular constraints. Additionally, we have produced an analogue of NPY that selectively activates peripheral NPY Y1 receptors.